The Fe 3 O 4 (111)/graphene/Ni(111) trilayer is proposed to be used as an ideal spin-filtering sandwich where the half-metallic properties of magnetite are used. Thin magnetite layers on graphene/Ni(111) were prepared via successive oxidation of thin iron layer predeposited on graphene/Ni(111) and formed system was investigated by means of low-energy electron diffraction (LEED) and photoelectron spectroscopy (PES) of core levels as well as valence band. The electronic structure and structural quality of the graphene film sandwiched between two ferromagnetic layers remains unchanged upon magnetite formation as confirmed by LEED and PES data.
Graphene [1, 2] , a two-dimensional honeycomb lattice-packed layer of carbon atoms, was recently proposed to be used as an effective spin-filtering material when sandwiched between two layers of ferromagnetic materials [ Fig. 1(a) ] [3] [4] [5] . For this purposes, the close-packed surfaces Ni(111) [6] [7] [8] , Co(0001) [9, 10] or Fe(111)/Ni(111) interface [11, 12] can be used as a ferromagnetic substrate for the graphene preparation due to the extremely small mismatch between lattice constants of the graphene plane and substrates [see Fig. 1(c) ]. This spinfiltering effect is based on the fact that at the Fermi level the electronic structures of graphene and ferromagnetic close-packed (111) layers overlap only for one kind of spin [3] .
Several shortcomings hamper the realization of such graphene-based spin-filtering device.
As was shown in Refs. [3, 4] the use of only one layer of graphene in such device gives the magnetoresistive (MR) effect of approximately 20% due to the strong chemical interaction between graphene and ferromagnetic (FM) layer [both spin-channels participate in the transport through the FM/graphene/FM trilayer as shown in Fig. 1(a) ]. It was demonstrated that MR ratio is drastically increased when multilayers of graphene are used. However, technologically the controllable growth of several layers of graphene is difficult due to the fact that graphene/FM system is very inert [13] and preparation of the second and the third layer on it requires long time exposure of this system to hydrocarbons at high temperature [14] . Preparation of the FM/graphene/FM sandwiches via the so-called "scotch-tape" method [1, 15] or application of the segregation-from-bulk method [16, 17] , where graphene multilayers can be easily produced on top of ferromagnetic material, can not be considered as appropriate approaches because in both cases the interface properties between graphene and FM or bulk properties of FM material are strongly affected during the preparation procedure and can not be easily modified in a controllable way.
One more aspect, which can make the realization of the graphene-based spin-filter in the current-perpendicular-to-plane (CPP) geometry difficult, is the reduction of the stability of graphene upon top-ferromagnetic contact deposition. First of all, ferromagnetic metals (Fe, Co, Ni) deposited on top of the graphene/metal interface have a trend to form clusters [18] [19] [20] without preferential crystallographic orientation, that destroys the condition when the K points of the Brillouin zones of a graphene lattice and the close-packed surface of FM are coincide in the reciprocal space [3, 4] . Moreover, the strong chemical interaction between graphene and the top ferromagnetic electrode reduces the stability of the graphene layer [20] that limits the thermal treating of the FM/graphene/FM sandwich during preparation.
Here we propose an application of structurally and electronically stable thin layer of halfmetallic ferromagnetic (HMF) material, magnetite (Fe 3 O 4 ), as a second top-ferromagnetic electrode in the HMF/graphene/FM spin-filter (HMF is a ferromagnetic material which has only one kind of spin at the Fermi level) [ Fig. 1(b) ]. This configuration might help to overcome major technical problems discussed above. First of all, the perfect crystallographic matching is not necessary in this case, because density of states of HMF Fe 3 O 4 (111) layer [see Fig. 1(d) ] is fully spin-polarized at the Fermi level [21, 22] and only one kind of spin can be detected in HMF/graphene/FM trilayer. Secondly, the electronic interaction between graphene and a magnetite layer supposed to be extremely small due to the chemical inertness of both materials. In our work we demonstrate that the Fe 3 O 4 (111)/graphene/Ni(111) trilayer can be prepared in a controllable way. All preparation steps and crystallographic as well as electronic structure were controlled by means of low-energy electron diffraction (LEED) and photoelectron spectroscopy (PES) of core levels as well as valence band. Thin magnetite layers were prepared via successive oxidation of thin iron layer predeposited on graphene/Ni(111). It is found that the electronic structure and structural quality of the graphene layer sandwiched between two ferromagnetic layers in such trilayer remains unchanged upon magnetite formation as confirmed by diffraction and photoelectron spectroscopy data.
The present studies were performed in an experimental setup for photoelectron spectroscopy consisting of two chambers described in detail elsewhere [7, 11, 13] . As a substrate a W(110) single crystal was used. Prior to preparation of the studied systems a wellestablished cleaning procedure of the W-substrate was applied. A well ordered Ni (111) surface was prepared by thermal deposition of Ni films with a thickness of about 200Å on a clean W(110) substrate and subsequent annealing at 300
• C. An ordered graphene overlayer was prepared via cracking propene gas (C 3 H 6 ) according to the recipe described in
Ref. [7, 11, 13] . After the cracking procedure the Ni(111) surface is completely covered by the graphene film as was earlier demonstrated in Refs. [7, 11] . Preparation of Fe 3 O 4 on top of the graphene/Ni(111) system was performed via subsequent oxidation of thin predeposited Room-temperature oxidation of the 10Å Fe/graphene/Ni(111) system leads to the strong modification of the XPS Fe 2p core-level and PES valence-band spectra (spectra 3 in Fig. 3 ). (111) is not affected by the deposited iron oxide layer.
The high quality of the formed trilayer was confirmed by angle-resolved PES (ARPES) measurements of its valence band (Fig. 4) . and Ni-related features but they still can be traced in ARPES spectra. For example, the dispersion of the graphene π states is guided by the dashed line in Fig. 4(b) . The main emission features in these spectra are Fe 3d and O 2p in the range of 0 − 2 eV and 2.5 − 9 eV of binding energy, respectively. They are almost dispersionless contrary to results presented in Ref. [25] , that can be assigned to the most preferential growth of magnetite film on W (110) in the former case compared to the present situation where the lattice mismatch between graphene and magnetite lattices is quite large. However, this fact does not destroy the idea of the ideal spin-filtering effect in the discussed trilayer system because in any case one spin channel (spin-down) is not available for electrons which enter into Fe 3 O 4 drain.
In conclusion, the graphene-based spin-filter is proposed where half-metallic magnetite film is used as a detector of spin-polarized electrons which filter out one of the spin-channels. 
